-1 ) were used respectively , while 3.0 mg L -1 Kin+IAA+IBA was used for callus proliferation and shoot formations. Four different concentration of IBA were used for rooting purposes 0.5, 1.0, 2.0 and 3.0 mgL -1 +20 g Sugar. Embryogenic callus was obtained by culturing young apical meristem. Three sugarcane clones BL4, NIA-2010 and NIA-2 011 were developed in the field area for eight month and sand was used for tissue culture somatic embryonic callus study. Apical meristematic region was used for callus formation and somatic embryogenesis induction on 0.5, 1.0, 2.0, 3.0 and 4.0 mg L -1 .2, 4-D actively growing callus was subcultured on kin. IAA, IBA, 3.0 mg L -1 . Maximum callus proliferation and number of plantlets shoot length and regeneration growth were observed in plants that 1.0 and 2.0 mg L -1 2, 4 -D callus was taken from. Maximum chlorophyll mutation frequency was observed in NIA-2010 and BL4 grown on 1.0 mg L -1 2, 4-D. Maximum number of roots were observed in BL4 when 1.0 mg L -1 IBA+ 20% sugar was applied; variability was also obtained through callus culture and confirmed through random amplified polymorphic DNA (RAPD) techniques.
and belongs to Poaceae family, which contributes approximately 75% of worldwide sugar production [2] . Other than sucrose production, it is likewise utilized as part of Ayurvedic drugs and for the treatment of skin and urinary tract diseases, bronchitis, heart conditions, loss of milk production, cough, anemia, constipation and also general debility [3] . Another essential utilization of sugarcane is the production of press mud, which is utilized as a source of organic matter and supplements for crop production [4] . Sugarcane is the world largest crop by production, the annual production of sugarcane in the world is 1.83 billion tons having an area of 26.1 million hectares. The average yield of sugarcane in the world is 70.24 tons/ha. Pakistan produces 58.4 million tons by harvesting 1.04 million hectare and the yield is 55.8 tons/ha [5] . In Pakistan, sugarcane is the biggest industrial cash crop second to cotton and is basic as a result of its huge share in agriculture sector. Various demands for sugarcane in agricultural industry has vitalized the need for continuous varietal improvement and extensive research on the crop [6] An extensive breeding work, management and cultural practices are required to narrow down this big gap. Although, a good crop is harvested in Pakistan, it does not flower and produce seed (fuzz) under normal growing conditions in the country. Non-sporadic flowering and natural viable and fertile seed production has usually been a problem in Pakistan. Modern sugarcane varieties have multifarious genetic characteristics and low fertility that renders their genetic improvement is very difficult through traditional breeding. Thus the substitute method for propagation is in vitro culture techniques and induced transformation being utilized to make the new genetic variability for the determination of desired clones of sugarcane [7] . In-vitro culture technique is enriched with high cane yield, resistance to biotic and a biotic stresses. Callus culture of sugarcane has been efficiently settled utilizing shoot apices, young leaves and young inflorescences as explants. Sugar yield of Pakistan is small as compared to other countries of the world and genetic improvement through customary hybridization in Pakistan is hampered due to the complex flowering nature of sugarcane [8] . 
Preparation of vitamin based stock solution
The quantities of ingredients for the vitamin stock presented (Table 1) were measured into conical flask having some quantity of sterilized distilled water and mixed thoroughly using magnetic stirrer. The solution was transferred into volumetric flask 1l and made up to volume and the flask labeled and stored in refrigerator till use.
The following are the growth regulators stock solution for somatic embryogenesis callus formation shoot regeneration and rooting forming culture media: a) 2, 4-Dichloro phenoxy acetic acid; b) Kinetin; c) Indol-3-acetic acid and d) IBA Indole-3-butyric acid.
Preparation of laminar air flow cabinet
The laminar air flow cabinet was switched on for 30 min. Before starting the process of culturing, it was uncontaminated with absolute alcohol like 70% ethanol. After laminar air flow cabinet was further sterilized with all required materials and kept inside the cabinet. Selection of explants, surface sterilization and culture Ten (10) explants containing apical meristems were taken from every genotype. Superfluous part of cane top was uprooted and the remaining initially washed with refined water and afterward disinfected with 70% Alcohol (ethanol) for 1 min and 20% sodium hypochloride solution for 20 min. After sanitization explants material were washed with double refined water 2 to 3 times to uproot any hints of disinfectant under aseptic conditions in laminar air flow cabinet. These sterilized meristem or shoot tip was cut or isolated from stem and a Vshaped cut with sterilized knife applied. In the meristem tip culture, the cut was a small piece applied 0.3 to 0.5 mm below the tip of the dome and the excised tissue (explants) was removed along portion of procambial tissue and immediately planted on media. Molecular marker RAPD analysis of somatic embryo-derived plants among mother plants RAPD is any DNA Segment that is amplified using short oligodeoxy nucleotide primers of arbitrary nucleotide sequence and polymerase chain reaction procedure. Buffer solution genomic DNA extraction Total genomic DNA was separated from samples of young leaf tissue of all the three varieties Bl4, NIA-2010, NIA-2011; three specimens of that recovered from somatic embryo callus were taken from field plantlets' and determined through nodal shoot multiplication and somatic embryogenesis from every accession. Leaf tissues were ground into fine powder in liquid nitrogen using a mortar and pestle. Buffer chemicals for 500X reactions used are: 50 ml Tris-HCl, 140 ml MATAB, 20 ml EDTA, 10 g NaCl, 5 g PEG 6000 and 2.5 g Na2SO3 (Table 2) . Tables 1, 3 to 8 and their analysis of variance and data shown in Table 9 . 
Weight of explants /bottle (g)
Statistical analysis of variances was found significantly different at 5% probability level. The maximum weight of explants in clone BL4, however, no significant difference was observed in weight of explants variety and treatment (Table 10 ). (Table 1 and Figure 1) . Comparative results were accounted for by Shahid et al. [21] . In addition, [22] had additionally reported that the callus induction capacity in sugarcane is genotype dependent.
Types of callus (A) regenerable and (B) non-regenerable
Study of callus type is also important for the identification of various responses of callus tissues. Two types of callus were discovered (and) signified in the study, as re-generable callus Type-A and non-regenerable callus Type-B. The regenerable callus were distinguished and perceived as dry nodular compact and light yellowish in color as wild, however, B type callus was watery, translucent and non-nodular in shape (Figures 1 and 2) . Whereas, Type A (dry nodular and compact callus) was found in clones of BL4, though, NIA-2010 andNIA -2011 had smooth conservative callus denoted as Type A and B ( Table 1 Shoed or depicted that utilization of IBA with 6% sucrose in growth medium incited fiery root improvement. The plantlets with all around created shoots and roots were transferred to jiffy pots having sterilized perlite. After acclimatization the plantlets were initially transferred to the pots for hardening and later on in the field. Highest number of bands was obtained with Primer A-02, while the lowest numbers were obtained with primers B-10 and B-08 (Figures 1 and 2 ). Some specific bands were also identified, thus, reflecting the RAPDs application for the identification of sugarcane mutants. Results revealed that somaclone 2010 and NIA-2011 somaclone contains a specific band of 451bp amplified with primer A-2. In the relationship between sugarcane somaclones and parent, the highest similarity was obtained between BL4P and BL4SC (96%), while minimum similarity was found between NIA-2011 and NIA -2010SC (69% 
